Trabecular architecture (i.e., the main orientation of the bone trabeculae, their relative 12 number, mean thickness, spacing, etc.) has been shown experimentally to adapt with extreme 13 accuracy and sensitivity to the loadings applied to the bone during life. However, the potential 14 of trabecular parameters used as a proxy for the mechanical environment of an organism's 15 organ to help reconstruct the lifestyle of extinct taxa has only recently started to be exploited. 16
however, can also be found in Supplementary Online Material (SOM) 1. 173
For some specimens, the lack of contrast between bone and the sedimentary matrix 174 prevented accurate bone segmentation (see Table 1 ). Thresholding (see above) was1 0
The whole statistical analysis was performed using R version 3.4.3. Amson et al. 214
(2017a) accounted for size effects by computing a phylogenetically informed linear regression 215 for each parameter, against a size proxy. If the regression was found as significant, its 216 residuals were used as the 'size-corrected' parameter. But the size of "ground sloths", well 217 exceeding for most of them that of extant xenarthrans, could bias such a procedure. Indeed, 218 the slightest error on the regression coefficients estimation would likely involve drastically 219 different residuals for those outlying taxa (see also Discussion). We therefore favoured, for 220 the present analysis, to normalize those parameters that have a dimension by dividing the trait 221 value by a body size proxy (raised to the same dimension). As body size proxies, we 222 considered the specimen-specific TV (for trabecular parameters) and WArea (mid-diaphyseal 223 parameters) or body mass (BM; specific averages, because unknown for most collection 224 specimens). Specific body masses were taken from the AnAge database (Tacutu et al. Glossotherium was set according to the age of Thinobadistes (Hemphillian, ca. 9 Ma 239 (Woodburne 2010)), which is more closely related to Lestodon than Glossotherium according 240
to Gaudin (2004) . Extinct sloths were placed according to their known geological ages (see 241 above; for Pleistocene taxa, a relatively young age of 0.1 Ma was arbitrarily given. Length of 242 the branches leading to nodes of unknown ages, which are in direct relation to extinct taxa, 243
and from these to terminal extinct taxa, were arbitrarily set at 1 and 0.1 Ma, respectively. 244
Beside univariate comparisons, we performed linear discriminant analyses to infer the 245 most likely lifestyle of extinct species. Both trabecular and mid-diaphyseal parameters of the 246 humerus and radius were conjointly used in these analyses (parameters from the Mc III were 247 not included because of their lack of discrimination power, see Results). To account for the 248 great body size disparity of the studied taxa, it is the 'size-normalized' parameters that were 249 used (raw value divided by the relevant body size proxy if parameter not dimensionless, see 250 above). One analysis per extinct taxon was performed, because we were not able to acquire all 251 parameters for each of them (depending on the successfully processed skeletal elements and 252
ROIs, see Table 1 ). To phylogenetically inform these analyses, we used the function pFDA 253 Glossotherium falls outside the distribution of extant xenarthrans (Fig. 4C) . In both cases, the 338 MDT falls closer to the distribution of extant sloths. 339 340 Phylogenetically flexible discriminant analyses 341
For Hapalops, 18 parameters could have been included in the analysis (diaphyseal and 342 trabecular parameters, from both the humerus and radius), of which the dimensionality was 343 reduced with a PCA (see Material and Methods section). The recovered optimal Lambda is 344 0.39 and the discrimination is optimal (training misclassification error of 0%). Hapalops is 345
classified as a sloth with a high posterior probability (>99%). However, it clearly falls beyond 346 the distribution of extant xenarthrans (Fig. 4A) . 347
For Lestodon, eight parameters could have been included (from the radial diaphysis 348 and humeral head trabeculae). The recovered optimal Lambda is 0.80, and training 349 misclassification error is 38%. It is classified as an anteater with a rather low posterior 350 probability (68%), the second most probable classification being to armadillos (32%). 351
According to this analysis, a classification as a sloth is very improbable (0.03%). Lestodon 352 falls beyond the distribution of extant xenarthrans (Fig. 4B) . 353
For Glossotherium, eight parameters could have been included (from the radial 354 diaphysis and trabeculae of the radial trochlea). The recovered optimal Lambda is 0.88, and 355 training misclassification error is 35%. The most probable classification is to anteaters (50%), 356 followed by the equally probable classifications to armadillos or sloths (each 25%). 357
Glossotherium falls within the distribution of extant xenarthrans, but outside the distribution 358 of each lifestyle class, just outside that of anteaters (Fig. 4C) . sloth: 36%; armadillo: 27%). Scelidotherium basically falls in the middle of the distribution of 363 extant xenarthrans (Fig. 4D) . 364 365 Discussion 366
On the whole, the classification of extinct sloths to one of the extant xenarthran 367 lifestyles (that of armadillos, anteaters, or extant sloths) based on forelimb bone structure 368 proved to be challenging. This appears to be due to at least three obvious causes: (1) the 369 imperfect lifestyle discrimination based on diaphyseal and trabecular parameters, (2) the 370 difficulties raised by the size correction (for some parameters), and (3) the fact that the values 371 of extinct taxa are outliers with respect to the distribution of extant xenarthrans (for some 372 parameters). 373
The four discriminant analyses we performed vary greatly in the number of included 374 parameters. As expected, analyses including more parameters yielded a better discrimination. 375
The lowest misclassification error (0%) was obtained for the analysis of Hapalops, for which 376 it was possible to include 15 parameters (18 before dimension reduction) from both the 377 diaphysis and epiphyseal trabeculae. The worst discrimination (69% of misclassification 378 error) was found for the analysis of Scelidotherium, for which only two parameters, from the 379 humeral diaphysis, could have been included. This lends support to the approach of including 380 parameters from several bone compartments, if one endeavours to discriminate lifestyles 381 based on these parameters. 382
Several of the investigated parameters were significantly correlated to body size. To 383 attempt to prevent the size of the studied taxa to influence the analysis, a common approach is 384 to size-correct the raw data using the residuals of a regression of the trait against a body size 385 proxy (Mccoy et al. 2006 ). This proved to be challenging for extinct sloths, because, for most 386 of them, body size largely exceeds that of extant xenarthrans (Vizcaíno et al. 2017 ). This
potentially makes the size regressions spurious, as the extreme values over-influence the 388 regression coefficients. This is not a trivial consideration for our dataset. For instance, if one 389 would size-correct the DA in the radial trochlea using the residuals of the corresponding size 390 regression, the medium-sized extinct sloth Glossotherium, of which the raw DA value was 391 found as the lowest of the dataset, would fall in the middle of the overall distribution. For 392 those parameters that are dimensionless, we hence decided to use the untransformed data. But 393 this is likely to be biased as well. For instance, the scaling exponent of the degree of 394 anisotropy (DA) across Mammalia in the femoral head or condyle was found by Doube et al. 395
(2011) as negative (95% confidence interval excluded 0; the reported p-value however was 396 higher than 0.05). We also found a negative scaling exponent for one of the investigated ROI, 397 the radial trochlea (which was in our case found as significant). It would be suboptimal to 398 exclude this parameter, especially because it was found as the best functionally discriminating 399 parameter in extant xenarthrans (Amson et al. 2017a). It was also singled out as reflecting 400 joint loading in primates better than other parameters (Tsegai et al. 2018) . A way to make the 401 size-correction more accurate in our case would be to include xenarthrans to the sampling that 402 have a body size between that of extant species and that of the giant "ground sloths", i.e., with 403 a mass roughly between 50 kg and 300 kg. Unfortunately, the number of known xenarthrans 404 of this size range is very limited. 405
It was already obvious from univariate comparisons that the bone structure inxenarthrans. Indeed, the overall great compactness of its humeral diaphysis does not seem Bone structure of the diaphysis and epiphyses of the third metacarpal, humerus, and 474 radius was here investigated in several species of extinct sloths, comparing it to that of extant 475 xenarthrans. Related parameters were successfully acquired and included in phylogenetically 476 flexible discriminant analyses. The latter constitute, to our knowledge, the first analyses that 477 conjointly include both diaphyseal and trabeculae parameters to discriminate lifestyles. The 478 identified challenges were the lack of discrimination power of some parameters, the 479 difficulties raised by size-correlated parameters, and the fact that some parameters fall outside 480 the range described by extant taxa. As a result, no extinct sloths are here confidently ascribed 481 to one of the lifestyles of extant xenarthrans. The humeral and radial structure of the small-482 sized Hapalops, from the Miocene of Argentina, was nevertheless found as more reminiscent 483 of that of extant sloths, which agrees with the conclusions drawn based on gross morphology. 484
The humeral and radial structure of the large-sized Lestodon, from the Pleistocene of 485
Argentina, clearly departs from that of extant sloths. The singular bone structure of 486 xenarthrans, including a medullary cavity filled with spongy bone in most taxa, and a low 
